To verify using 4 different tests the incidence of distortions inchildren with and without phonological disorders.
Phonological disorders occur with a high incidence in children, and their diagnosis is very important for minimizing some possible consequences, such as learning difficulties in reading and writing.
Phonological disorders affect children who seem to have normal intellectual, hearing, psychomotor, and social development, although they might have linguistic problems. 1 These children present some characteristic patterns of speech, such as restricted groups of sounds, limited structures of syllables and words, insistence on altered patterns, different chronology, uncommon types, wide variability of alterations, and little progress in sound acquisition. 2 In Brazilian Portuguese-speaking children, one of the main characteristics of phonological disorders is the usage of phonological processes. The most prominent ones are cluster simplification, liquid simplification, final consonant elimination, palatal fronting, fricative devoicing, plosive devoicing, fricative plosivation, velar fronting, and palatal backing. 3 In this same study 3 , most of the subjects used only developmental phonological processes, and often, the processes from the beginning of development appeared together with processes that occur later on. A smaller number of subjects used phonological processes that are not often present in typical development but that always appear together with those noticed in typical development.
The diagnosis of phonological disorder includes many tests, and must be not only phonologically, but also phonetically, analyzed. One important matter is the differentiation of alteration categories identified in the speech and language of these subjects. Thus, it is important to interpret the phonological system, that is, what are the existing rules and the simplified ones, as well as which sounds can the child produce, in which contexts, and which sounds are produced improperly, characterizing distortions. It is very important to use a system that integrates the two analyses, since the distinctive traces are the smallest units of the phonemes and are based on acoustic and articulatory characteristics, or phonetic units. 4 Some studies have reported that children with phonological disorders who present unclear speech differ from those with normal development regarding the number of inappropriate phonological patterns and also in the way these patterns were used. 5, 6 These children present high rates of omissions, substitutions, and distortions. 7 The variability found in speech intelligibility of children with phonological disorders has been reported to be determined by the specific patterns of the alteration type, by the language productivity, and by the involved prosody. 8 In addition, these authors judged the identification of some criteria as important for the classification of the severity of the developmental phonological disorder. Thus, the speech alteration patterns that were restricted to articulatory distortions were often described as mild, while alteration patterns that involved eliminations and substitutions in several speech sounds were considered moderate or severe. 9 Regarding sound production, some inadequate types, as classified by speech and hearing therapists, include omission, substitution, and distortion. Omission is characterized by the absence of the target sound in a word production; substitution is identified when a target sound is exchanged for another in word production. These two alteration forms are generally more easily identified by the therapist and are found in phonological disorders.
Sound distortion is generally considered to be a phonetical alteration that does not concern the phonological rules of a language and is characterized by some difficulty in motor abilities involved in sound production, such as place, time, stress, and speed, resulting in a nonstandardized sound in speech. The distortion of a sound can be considered a mild alteration and, despite affecting the intelligibility of speech, it does not affect the phonological contrasts of a language, and therefore, it does not affect the meaning of the words.
The distortions may or may not be classified as speech disorders, and the difference between these two possibilities is the social implications they might cause. Distortions can be classified as common, being those observed in normal development, and uncommon, which are all other distortions that may occur in subjects with speech production difficulties. [9] [10] [11] [12] [13] The phonetic aspects of speech and the maturation process of the myofunctional oral system are linked to the mechanism of motor production of the phonemes. Thus, speech alterations must be carefully investigated regarding morphophysiology, since many phonetic disorders occur from altered form or function of stomatognathic structures. 14, 15 Some oral motor abnormalities are related to articulation imprecision, such as high and narrow palate, open anterior and lateral bite, alveolar edge thickness, protrusion level, teeth rotation, and gaps such as diastemas. 16 Among the dysfunctions of the stomatognathic system, atypical deglutition is emphasized because it is often noted as the main cause of disorders in speech sound production, mainly in the disturbance of the sounds /t/,/d/, /l/, /n/, /s/ e /z/
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. In 30 subjects between 5 and 14 years of age analyzed to verify the occurrence of phonoarticulatory disorders in people with atypical deglutition, 43.33% of the subjects presented phono-articulation disorders. Out of these, 61.53% presented concomitant alterations of dental and alveolar phonemes; 30.77% presented alterations in the alveolar phonemes /s/ and /z/; and 7.70% had alterations in the dental phonemes /t/, /d/, /l/ and /n/ 18 . In 1,986 students with normal and malocclusion-analysis of the articulation production of the sounds /t/, /d/, /s/, /z/, //,// revealed no statistical differences between groups, with both normal and altered productions being observed in both types of dental occlusion. 19 In a group of 1,986 students with normal or with a malocclusion-analysis of the articulation production of the sounds /t/, /d/, /s/, /z/, //,// no statistical differences between groups, (normal vs. altered production) was observed for both types of dental occlusion. 19 The relationship between // sound production and tongue praxis was recently investigated in twenty 6-yearold children divided into 2 groups: 10 children with adequate /R/ sound production, and 10 with absence of production of these sounds. 20 The results showed that children with absence of production of the // sound presented difficulties in some types of tongue praxis, such as narrowing, widening, and/or tongue vibration.
Distortion occurs more often in the fricative alveolar sounds /s/ and /z/ and in the lateral liquid sounds /l, / and in the vibrant // sound. 4, 21 Examples of these distortions in the Portuguese language are: regarding the alveolar fricatives, frontal or lateral lisping, produced by the interposition of the tongue, as in /sapo/, which is phonologically represented as [s*apu]; regarding the lateral liquids /l, / and the vibrant // sound, the distortions cause productions in which the tongue is backed, also phonologically represented as a diacritic.
In the classification proposed by Shriberg et al. (1986) , the presence of liquid distortions characterizes the group of subjects with residual alterations that remained even when they grew older. Regarding the Brazilian Portuguese language, the liquid sounds // and // are the most distorted ones 23 and may be present in subjects over 12 years of age belonging to the group with residual alterations.
The important point regarding these distortions is that they often follow the phonological alterations that cause the loss of a phonological contrast, and that affects the meaning of the word as a result. 3, 4, 21 In these cases, the sound distortion, for example, the use of the dorsal tongue to produce an alveolar lateral liquid and the vibrant liquid, could neutralize a phonological contrast, adding a phonologic matter. 24 Often the distortion is not analyzed properly, but studies have shown that the use of distorted sounds by children is expected, and these distortions might disappear as they grow up. 9 The probable ages for the spontaneous remission of phonological disorders was assessed in 24 children with late speech development, using the Kaplan-Meier analysis: a threshold score of 85% on the percent of consonants correct (PCC), percent of consonants correct-adjusted (PCC-A), and percent of consonants correct-revised (PCC-R) metrics was used. 25 This analysis revealed two different paths to normalization. In Path A, errors of deletion, substitution, and omission declined as correct productions increased. In Path B, common clinical distortions increased as deletions and substitutions decreased. Children who follow Path B are those who retain residual errors in their speech. The distortions are common in consonants with late development, but rare in consonants with early and middle development. The author concluded that omission-substitution-distortion-correction reflects the hierarchy in phonological development.
An important factor that may interfere in the speech analysis is the method of collection of the sample that will be analyzed. The 3 kinds of tests that are often used for data collection to assess the phonological system are imitation, naming, and natural speech. 26 The kind of test to be used depends on the kind of information desired and the available time for the test application. [27] [28] [29] Natural speech is frequently indicated as a way to collect speech samples that reproduce the child's environmental conditions, providing a general idea about the child's language, which is not possible in the other tests. 9, 26, 27, 30 However, other authors consider that all the tests have advantages and, therefore, they should be complementary. 31 The advantages of evaluating a child by tests of naming and imitation are the speed and the assurance with which the child will produce all the desired phonemes; but, on the other hand, these methods do not provide enough data about the child's phonological abilities. The assessment through spontaneous speech presents, as an advantage, the representation of the child's speech pattern, although it is a longer test that does not guarantee a sample of all desired phonemes, and in cases of children with low intelligible speech, the analysis may be difficult. 28 The choice of an instrument must be related to the test aim, and most importantly, the therapist must be aware of the limitations of each test. 28, 29 The phonetic analysis provides a detailed description of hearing, acoustic, and articulatory characteristics of speech, 38 being an important instrument for listing the distortions performed and for differentiating cases in which there are distortions from those where there is phonological disorder and/or distortions.
As it has been discussed in this short review, the phonetics alterations (distortions) found in phonological disorders are variable. However, the authors are searching for ways of making better distinctions among the types of alterations found in children's speech with phonological disorders, mainly to observe the distortions. It is important to emphasize that many studies have used spectrographic analysis to complement the identification and the classification of distortions. 22, 36, 37 The aim of this study was to verify using 4 different tests the occurrence of distortions in subjects with or without phonological disorders.
METHOD
The study was approved by the Ethics Committee in Research of HCFMUSP, number 00/09220-3, and was sponsored by FAPESP (projects n. 00/09220-3, 02/03099-3 and 03/00159-8). Every responsible parent or tutor signed the Clearing and Free Consent Terms.
To compose the control group (CG), children without language or speech alteration complaints were invited to participate, as recommended by teachers of a public school. To compose the group with phonological disorders (GPD), children with phonological disorders were identified. At first, parents or legal guardians were instructed and consulted about the child's participation in the research; after their consent, they signed the clearing and free consent terms.
Subjects
Forty children took part in this research, distributed into 2 groups: 20 children without phonological disorders from a private school in the region of Butantã, São Paulo (CG), and 20 children with phonological disorders (GPD) living in São Paulo.
In the CG group, children were between 5.0 and 9.9 years of age, with 8 girls and 12 boys. In the GPD group, children were between 4 and 10.2 years of age, with 9 girls and 11 boys.
Furthermore, all children underwent the phonology tests of the Child Language Test ABFW 29 and 2 spontaneous speech tests to confirm the presence or absence of phonological alterations.
After ending the diagnostic process, the children in the GPD group started their treatment or waited for their phonological treatment.
Procedure
All children were assessed in individual sessions. A digital audio tape recorder and a digital camcorder were used to collect data. At first, the pictures of the naming test of the ABFW assessment were presented, and afterwards, the imitation test of the same assessment was performed. The spontaneous speech 1 (SS1) test was performed through an interview with 10 questions about the child, and the spontaneous speech 2 (SS2) test included a picture of a birthday party about which the child was asked to tell a story.
In the SS1 and SS2 tests, only the nouns produced were selected to be analyzed, and repetitions of the same ones were not considered.
After the data was recorded, it was transcribed according to protocols of the phonological test ABFW 29 and later analyzed for distortions.
In order to guarantee the fidelity of the transcriptions and their analysis, an assessment of agreement between 2 evaluators was performed; one of them being the author and the other a senior student of Language Speech and Hearing Science trained to perform the analysis. In order to verify the agreement between the evaluators, 5 subjects were selected randomly, and the transcriptions and the distortion analyses were performed by the two evaluators. The assessments were then compared, with an agreement of 90% for the transcriptions and 96.5% for the distortions.
The distortions were classified into common and uncommon. The common ones incorporated the productions of alveolar phonemes /s/,/z/,/t/,/d/,/n/,/l/,// and post-alveolar phonemes // and // with frontal or lateral inter-dental positioning of the tongue. The uncommon distortions included productions with secondary articulation such as aspiration and glottalization, which are not common in the Portuguese language. 39 
Statistical Analysis
A descriptive statistical analysis was performed for the phonemes in which distortions were presented in the CG and GPD groups. Afterwards, The Pearson correlation coefficients between the tests were calculated in both groups.
It was necessary to use a proportion for the occurrence of distortions, since the number of distortions expected for each test and for each child was not the same. The proportions of distortions were calculated by summing up the actual distortions and the expected distortions in the performed test.
The nonparametric Mann-Whitney test and ANOVA with repetitive measures were used for comparisons, since the same child was heard in different tests.
RESULTS

Comparison between the CG and GPD groups for the occurrence of distortions
The CG group had a lower proportion of distortions than the GPD group in all tests (Table 1) . Although the frequency of distortions was low in both groups, the children in the GPD group presented a higher number of distortions in all the tests when compared to the children in the CG group. The most frequently observed distortions in both groups Table 2 ). Distortions occurred in almost every age group. In the CG group, a decreasing frequency of distortions with increasing age was found ( Table 3) .
The number of distorted sounds at each age group was lower in the CG group than in the GPD group, and the youngest ages presented a greater number of distorted phonemes (Table 4) .
In general, the frequency of distortions was low even in the GPD group. In the CG group, a few children presented distortions in the naming, imitation, and SS1 and SS2 tests; therefore, the variability found among them was very low. Regarding the GPD group, the variability of the frequency of distortions in all tests was high (Figures 1, 2, 3, and 4) .
The nonparametric Mann-Whitney test revealed significant differences between the frequency of distortions found in the CG group compared with the GPD group for all the tests: naming (P = .04); imitation (P <.001), SS1 (P = .01), and SS2 (P = .002).
Test Associations
The test with the lowest frequency of distortions was imitation, and it was also the one that presented the lowest variability (Table 1) . Table 2 -Number of children who presented distortions.
Test
Group Distortions
Naming CG ( Table 3 -Number of subjects who presented distortions by age group.
Age CG subjects GPD subjects with dist/nº total with dist/nº total subjects subjects 4-4, 11 0 out of 0 3 out of 3 5-5, 11 1 out of 2 4 out of 6 6-6, 11 1 out of 3 1 out of 3 7-7, 11 1 out of 5 3 out of 3 8-8, 11 1 out of 5 3 out of 3 9-9, 11 1 out of 5 0 out of 0 10-10,11 0 out of 0 1 out of 2 CG subjects with dist/nº total subjects -Control group, number of subjects with distortion by total number of subjects. GPD subjects with dist/nº total subjects -Group with phonological disorders, number of subjects with distortion by total number of subjects. The correlations of the frequency of distortions between the 4 tests were high as revealed by the Pearson correlation coefficients, indicating that the variation in the frequency in one of the tests was similar to the variation in the other tests, for both groups. Higher correlations for the proportions of distortions were found in the naming and SS1 tests ( Table 5) .
Comparison of the performance of the GPD group in the 4 tests
The averages of proportions of the distortions in the GPD group among the 4 tests were not significantly different, as revealed by ANOVA with repetitive measures (P = .37) ( Figure 5 ).
The distortion proportions had similar amounts of variability among the 4 tests ( Figure 6 ).
In the GPD group, the most frequent distortions in the 4 tests were in the phonemes /s, z, / (Figure 7) .
Regarding the GPD group, the variability of the occurrence of the number of distortions in all tests was high, and one subject of the group (Subj. 3) presented higher values than the others in all tests (Figure 8 ).
DISCUSSION
The results of this study showed that there is a variable occurrence of distortions in phonological disorders, as has been demonstrated in other studies regarding the characteristics of phonological disorders reported in the literature. 6, 7, 39 According to some authors, 4,21 distortion occurs more often in alveolar fricative sounds /s/ and /z/, and in the Portuguese language, the liquid sounds, // e /λ/ and the vibrant // sound are the most distorted ones. 22, 23 In this study, we verified that children in the GPD group also presented a higher number of distortions in all tests when compared to children in the CG group, and the most frequent distortions in both groups were in the following phonemes: /s, z, /.In the CG group, 9 children presented distortions in the following phonemes: /s, z, , t, /. In the GPD group, all children who presented distortions also used unexpected processes for their age, and the distortions occurred in the phonemes /s, z, , t, N, , λ, , n, k, d, f, /.
It is interesting to note that the lower variability in the occurrence of distortions found in the CG group shows that children with normal development are alike in their performance, despite their individuality; children with phonological disorders are different, presenting a higher variability among them, and the degree of severity can vary from severe to mild. 3, 8 We observed that the children's performance in the CG as well as in the GPD group was highly correlated among the 4 tests, from which we concluded that all the tests were complementary and equivalent, providing a good detection of distortions, which conforms to the literature. 31 Phonetic analysis provides a detailed description of hearing, acoustic, and articulatory characteristics of speech. 39 It is an important instrument for verifying the existing distortions, and accordingly, to differentiate situations in which there are only distortions from those which there is a phonetical disorder and/or distortions. Techniques such as the spectrographic assessment of speech are very important for diagnosing the disorder, since they provide additional and more precise information regarding the phonoarticulatory production. 19, 22, 23 In our study, we found that: -Children with phonological disorders had a higher number of distortions in all the tests. -The most frequent distortions in both groups were with the /s, z, / sounds. -The variability found in the CG group was very low; in contrast, the variability found in the GPD group was very high. -Children in the GPD group presented an unstable phonological system; therefore, they presented a high number of distortions. -For the assessment of the phonological system of children with phonological disorders, all the tests (naming, imitation, spontaneous speech 1, and spontaneous speech 2) were good, since the correlations among them were high. -Regarding the proportions of distortion, there was no difference in averages among the tests. The distortions occurred in similar proportions in all tests.
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RESUMO
WERTZNER HF e col. Análise de distorções em crianças com e sem transtorno fonológico. CLINICS 60(2):93-102, 2005.
OBJETIVO: Verificar a ocorrência de distorções em sujeitos com e sem transtornos fonológicos em 4 provas diferentes.
MÉTODO: Quarenta crianças, distribuídas em 2 grupos: 20 com desenvolvimento típico e 20 com transtorno fonológico, entre 4 e 10.2 anos de idade. Todas foram submetidas às provas de Fonologia do Teste de Linguagem Infantil ABFW e a duas provas de fala espontânea para confirmar a presença ou ausência das alterações fonológicas. Após a gravação dos dados, estes foram transcritos, analisados e classificados de acordo com as distorções.
RESULTADOS: Através do teste não-paramétrico MannWhitney nota-se que o Grupo Controle difere do Grupo com Transtornos Fonológicos em todas as provas, ao nível de significância de 5%, para a Nomeação (p= 0,04), para a Imitação (p< 0,001), para a Fala Espontânea 1 (p= 0,01) e para a Fala Espontânea 2 (p=0,002). O estudo da correlação de Pearson entre a ocorrência de distorções nas quatro provas é alto.
CONCLUSÃO: O Grupo com Transtorno Fonológico apresentou o maior número de distorções em todas as provas. As distorções que mais ocorreram em ambos os grupos foram /s, z, /. O Grupo com Transtornos Fonológicos apresentou grande variabilidade nas distorções, as crianças deste grupo possuem um sistema fonológico instável, dessa forma apresentam um número grande de diferentes distorções. Para a avaliação do sistema fonológico todas as provas foram boas formas de avaliação, uma vez que o índice de correlação entre elas foi alto.
UNITERMOS: Transtorno Fonológico. Fonética. Avaliação. Diagnóstico. Fala.
